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With the discovery of the role of trace elements, large tracts of land in the south west of 
Western Australia, previously regarded as unsuitable for agriculture, were cleared in the 
1950s and 1960s. Much of this land was taken up as Conditional Purchase Blocks, a 
scheme which enabled conversion of unalienated crown land to freehold title providing 
a set proportion of the block was 'developed'.
However, the removal of the natural deep rooted vegetation and its replacement with 
pasture species (up to 90% of privately owned land in the Napier-King LCD area is 
cleared) has not been without problems. The reduced water use of improved pastures 
has led to waterlogging while clover based pastures have caused soil acidity and water 
repellance leading to declining agricultural production. Futhermore there have been 
major off farm effects such as sahnity and the eutrophication of estuarine water bodies. 
These problems have been documented in the Select Committee's Report into land 
degradation.
In 1987, following an increasing community awareness of environmental issues, the 
State Government adopted a State Conservation Strategy. The aims of this strategy are
to:
Maintain essential ecological systems.
Ensure the sustainable utilization of species and ecosystems.
Develop a regional approach for the long term planning and management of the 
environment.
Ensure that the Government's programmes are directed towards resource 
conservation and sustainable use.
Develop mechanisms for community involvement
To help meet this stragegy's aims in the rural environment and combat land degradation 
problems the the State Government has provided for the formation of community based 
land conservation groups which complement the Federal Government funded National 
Soil Conservation Programme (NSCP).
1.2 Napier-King LCD
Amendments to the Soil and Land Conservation Act (1945-1982) make provision for 
the formation of Land Conservation Districts (LCDs). These are farmer groups which 
aim to halt land degradation and promote sustainable agriculture. Land Conservation 
Districts can develop land conservation programmes, manage land conservation 
projects and make recommendations to the Commissioner for Soil Conservation and the 
Minister for Agriculture on any matter concerning land degradation and the actions 
needed to overcome it. Land Conservation District committees can fund works 
programmes through collecting rates or applying for financial grants from the National 
Landcare Program. By the end of 1989 there were 116 LCDs covering three-quarters 
of the State's rural producers.
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Figure 1 Map showing the location of the Napier-King Land Conservation District (black line) and 
the catchment boundaries of Princess Royal Harbour and Oyster Harbour (blue line).
Chapter 1 - Introduction
The Napier King Land Conservation District (Napier-King LCD) was gazetted on 22 
May 1987 and has representation from the Commissioner for Soil and Land 
Conservation, the shires of Plantagenet and Albany, the WA Farmers Federation, and 
land users of the district including the Department of Conservation and Land 
Management
The Napier-King LCD is bounded to the west by the Albany Highway, to the north by 
the north side of the Porongurup Range, to the east by the Kalgan River and to the 
south by the town of Albany (a full technical description of the LCD boundaries is 
given in the Schedule in the Government Gazette 22 May 1987, page 2197). Figure 1 
shows the location of the Napier-King LCD in relation to the Princess Royal and Oyster 
Harbour catchments.
1.3 Methodology
Twenty farmers in the Napier-King LCD were interviewed to document agricultural 
production levels, management practices and land degradation. Based on the responses 
to the interviews and following field investigation and discussions with Departmental 
advisory staff, seven Land Management Units were identified in the Napier-King LCD.
Departmental advisory and research staff were then consulted to determine methods of 
improving productivity while addressing sustainability. A series of guidelines were 
then prepared for each land management unit.
1.4 Purpose of this Document
To achieve a sustainable agricultural industry it is necessary to be economically and 
environmentally viable. Many management practices are not sustainable and will need 
to change. The return on capital in conventional farming is low when compared with 
other investments. Profitability can be increased by using improved management 
techniques such as rotational grazing, heavy spring grazing, improved fodder 
conservation, farming to soil types to optimise production and by incorporating tree 
farming to diversify income . This document describes the current land use practices, 
and the reasoning behind them. Suggestions are then made which, if adopted, will aid 
sustainability and increased productivity.
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Chapter 2
NATURAL AND PHYSICAL ENVIRONMENT
2.1 Natural vegetation
Vegetation is strongly influenced by rainfall, soils and topography. Given the strong 
rainfall gradient and varying soils of the Napier-King LCD the natural vegetation varied 
considerably. In the southern more dissected part of the region a low forest of jarrah 
{Eucalyptus marginata) and sheoaks {Casuarina sp) dominated on the ridges giving way 
to sedges and heath scrubs on the valley floors. The low lying swampy areas with a 
high water table support paperbarks {Melaleuca sp), banksia {B. littoralis) and 
Christmas tree {Nuytsia floribunda). Further north, a taller jarrah forest occurred with 
paperbark {Melaleuca sp) forests in the swampy depressions and some karri {E. 
diversicolor) around the Porongurup Range. On the deep well drained sands Banksia 
illicifolia occurs.
A more detailed description of the flora of this area which lies within the Menzies sub­
district of the Darling botanical district is given by Beard (1981). Most of this 
vegetation (up to 90%) has been cleared for agriculture and what vegetation remains 
occurs in National Parks, conservation reserves, unused road reserves or as isolated 
remnants on private property.
2.2 Geology
The geology of the Albany-Mt Barker region has been described by Muhling and 
Brakel (1985). The major geological formation in the south of WA is the 'Yilgam 
block', formed of granite around 2,600 million years ago. There are two prominant hill 
ranges in the south coast region; The Porongurups which consist of 1,800-2,000 
million year old proterozoic granitoids, and the Stirling Ranges of more recent origin, 
formed from shallow marine sediments that were laid down approximately 1,200 
million years ago.
Following a period of uplift and erosion, and Antarctica's separation from Australia in 
the Cretaceous period 100 million years ago, the coastal margin tilted and was 
inundated by a rising sea level. In the late Eocene 40 million years ago the sea extended 
to the Stirling Ranges , and at this time the Pallinup Siltstone was formed on the granite 
bedrock in a layer up to 60 metres thick. The siltstone was subsequently covered by a 
mantle of white sand and laterite which now forms the surface of the plain sloping 
southwards from the base of the Stirling Ranges, at an elevation of 200m, to the 
present coastline some 80 kilometres to the south.
During the Quaternary period (1.8 million years ago) the sea level changed with climatic 
variations. At times of low sea level sand could be blown inland and a large belt of 
sand dunes up to 6 kilometres wide was formed along the coastline. During these more 
arid periods, sand dunes were also formed adjacent to the ESE margin of lakes. These 
characteristically crescent shaped dunes are called lunettes an example of which occurs 
on Jackson readjust west of Chorkerup road. The NW-SE trending inland sand dunes 
were also formed at this time.
4
Chapter 2 - Natural and Physical Environment
2.3 Landform units
The landforms of the south coast area were investigated by Churchward et al (1988) 
who described the following landforms in this area;
Units developed on granite and unconsohdated sediments comprising plateau 
elements, hills and hilly terrain and swampy terrain.
Units developed on siltstones and sandstones comprising plateau elements and 
swampy terrain.
Units developed in coastal aeolean and fluvial sediments comprising dune 
systems and swampy terrain.
Units associated with drainage lines, major and minor valleys.
By using this frame work, 35 landform units were recognised on the basis of local 
relief, slope and drainage patterns. Twenty five of these landform units are represented 
in the Napier-King LCD. A compilation of supplementary data which rates each land 
unit on the basis of soil profile depth, slope and land degradation hazards was 
developed by McArthur and Stoneman (1991) and, together with the landform 
descriptions, is summarised in in appendix 1.
The landforms of the Albany - Mt Barker district (which includes the Napier-King 
LCD) are shown in Figure 2. While these landforms are a useful method of 
categorising and describing the country, they are at too large a scale (1:100,000) to be 






Although the soils of the Albany region have been described by McArthur (1991), 
Stoneman (1990) and Churchward (1988) they are yet to be mapped in detail. The 
pamphlet by Stoneman (1990) describes and gives notes on eight common soils of the 
Albany advisory district. The only published soil survey in the area now covered by 
the Napier-King LCD was conducted in 1948-49 by Smith (1950) on behalf of the 
Land Settlement Board. Approximately 7000 acres to the east of Narrikup was mapped 
at a scale of 1:16,000.
The parent material of most soils in the Napier-King LCD area is Pallinup siltstone with 
the dominant soil type being a yellow duplex soil comprising a shalow sandy gravel 'A' 
horizon over a yellow clay B' horizon. On the ridges the gravel content increases, in 
some cases forming a cemented lateritic duricrust. In the valleys, colluvial action has 
led to infilling and deep, white and sometimes acid sands are found. There are small 
areas of clay associated with drainage depressions and rivers, and patches of red loam 
and younger soils derived from granite occur in the Porongorup ranges and other 
granitic outcrops. Deep siliceous sands occur as sand dunes, lunettes and seams or 
belts midslope.
5
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Gently undulating latcritic plateau with minor valleys included; bioad 
interfluves have gravelly yellow duplex soils; some broad flat drainage 
floors.
Hilly terrain mainly with >60m relief; upper slopes and crests with much 
granite outcrop; lower slopes with sandy or gravelly yellow duplex soils; 
some stony red earths in colluvium; podzols in sandy mantle on coastal lulls.
□
Flat or broadly undulating plateau formed in sillstones; yellow duplex soils in 
higher rainfall areas; solonctzic soils in drier areas.
Swampy tracts formed in depressions in the siltstone plateau; soils include 
humus podzols and yellow solonctzic soils;
Valleys of major streams; upper reaches with broad flat sometimes saline 
floors; lower reaches with rocky irregular slopes and narrow terraces.
Valleys of minor streams; sandy flanks and narrow swampy floors.
Coastal plain; flat swampy terrain; humus podzols; yellow solonctzic soils; 
peaty depressions; low granite hills.
Coastal dunes; parabolic dunes with podzols on older pluses; calcareous soils 
on youngcrphascs.
5 0 5 10 15
kilometres
Universal Transverse Mercator 
Projection
Coordinates are in Australian 
Map Grid zone 50.□□
Figure 2 Map showing the landforms and soils of the Albany-Mt Barker district (after 
Churchward et al 1988 & McArthur 1991)
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2.5 Climate
The region has a mild Mediterranean climate with mild summers and most rain falling in 
the winter months. In winter, the anti-cyclonic belt and the 'Roaring forties' move 
northwards and the region is subjected a westerly airstream and a series of rain bearing 
depressions with occasional severe storms. In summer the anti-cyclonic belt moves 
south and the region is dominated by easterly winds. However, there can be significant 
falls of rain in the summer months with occasional extremely heavy falls associated 
with cyclonic systems. This occurred in January 1982 when 182 mm of rain were 
recorded at Mt Barker.
2.5.1 Rainfall
There is a south west to north east rainfall gradient with the annual rainfall of the region 
being more than 900 mm at Albany, 798 mm at the Albany aerodrome (table 1) and 
falling to 746mm at Mt Barker (table 2).
Jul Aug Sep Oct Nov Dec AnnualJan Feb Mar Apr May June
28 65 96 99 124 106 82 79 48 25 79823 23Average
Highest 123 62 85 127 260 224 204 174 133 172 117 97 966
3 4 6 21 47 45 55 52 43 37 6 5 628Lowest
80 36 52 52 40 38 43 44 44 53 29 42 80Highest one day
8 11 14 18 19 21 21 18 15 13 10 1768Ave wet days
Albany monthly rainfall data (West Australian Year Book 1988)Table 1
Jan Feb Mar Apr May June Jul Aug Sep Oct Nov Dec Annual
36 56 86 98 107 92 81 72 43 29 746Average
Highest
23 24
182 179 129 234 243 209 261 173 157 160 155 87 1,095
Lowest 1 1 4 4 16 43 22 33 18 16 3 1 431
Highest one day 105 72 56 139 71 68 72 48 45 54 64 44 139
7 7 10 13 17 19 21 20 18 16 11 9 168Ave wet days
Mt Barker monthly rainfall data (West Australian Year Book 1988)Table 2
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Figure 3 Average annual rainfall and 10 year moving average annual rainfall at Mt 
Barker for the period 1900-1990
The annual rainfall of Mt Barker for the period 1900 to 1990 is shown in figure 3. The 
broken line shows the ten year moving average which can be compared with the long 
term average annual rainfall of 746 mm. Note that the 10 year average appears to have 
declined over the last 20 years.
The monthly rainfall cummulative frequency curves for Mt Barker which give the 
probability of receiving a given rainfall in any particular month are presented in 
appendix 3. These graphs can be used for risk assessment for when making cropping 
descisions and determining the likelihood of adequate rain when establishing 
perennials.
2.5.2 Temperature
The summers are cool and winters mild with very few frosts. Average monthly 
maximum temperatures in Albany vary from 25.3°C in January to 15.8°C in July, while 
the lowest average monthly minimum temperature is 7.4°C in July (table 3). 
Temperatures in Mt Barker are similar and mean monthly temperatures are given in 
(table 4).
8
Chapter 2 - Natural and Physical Environment
Aug Sep Oct Nov Dec AnnualJan Feb Mar Apr May Jun Jul
Mean max °C 25.3 25.1 24.2 21.5 18.6 16.6 15.8 16.0 17.3 18.9 20.8 23.5 20.2
Mean min °C 13.5 14.3 13.1 11.5 9.7 8.1 7.5 7.4 7.8 9.0 10.6 12.3 10.2
Table 3 Albany mean monthly temperatures (Western Australian Year Book 1988)
Aug Sep Oct Nov Dec AnnualJan Feb Mar Apr May June Jul
Mean max °C 26.2 25.9 24.0 21.0 17.6 15.2 14.2 15.0 16.8 18.7 21.8 24.9 24.3
Mean min °C 12.6 12.8 12.1 10.4 8.4 6.9 5.8 5.9 6.8 7.9 9.7 12.0 11.3
Mt Barker mean monthly temperatures (Western Australian Year Book 1988)Table 4
2.5.3 Pan evaporation
The Bureau of Meteorology measures Pan evaporation with standard Class A pan 
evaporimeters fitted with bird guards. This information can be used for estimating dam 
losses and for irrigation scheduling. The pan evaporation data for Albany are presented 
in table 5.
Jan Feb Mar Apr May June Jul Aug Sep Oct Nov Dec Annual
84 106 150 199 1397220 171 150 91 63 47 49 67
Table 5 Albany monthly pan evaporation (Luke et al 1987)
2.5.4 Growing Season
The pan evaporation, rainfall and temperature determine the growing season which is 
the number of months in which the effective rainfall exceeds the pan evaporation ie the 
number of 'wet' months. As an approximation, this can be depicted graphically by 
plotting the rainfall against the mean monthly temperature at a scale of 2:1 to produce an 
'Ombrothermic diagram'. Dry months occur when the rainfall line falls below the 
temperature line. The growing season in the Napier-King region is around 8.5 months 
beginning in March and finishing in mid November (figure 4).
9
Chapter 2 - Natural and Physical Environment






•I 50- - 25.0
Cci oo o
o o
oO o -12.525- 2O
Temperature











0 I I I I I I I I T
= spS'ogi! =







The majority of the privately owned land within the Napier-King LCD has been cleared 
to enable agricultural production. Farm size can vary from 230 ha to over 2500 ha but 
a typical size would be around 475 ha with many farms being over 90% cleared. 
Wool, fat lamb, and beef production are the main activities while there is also some 
dairying and pig meat production. Stocking rates for the farmers invterviewed which 
can be taken as representative of the district varied from 7.5 dse/ha to over 14 dse/ha.
A number of farmers are increasing their income options by such means as establishing 
eucalypt plantations, opening farm stay operations or developing native annual seed 
production enterprises. The climatic and soil conditions preclude large scale cropping 
although some feed grains are produced.
While there are some 'third generation' farmers in the district many have moved to the 
south coast in the last 30 years either taking up CP blocks or in later years buying 
developed farms. A number wheatbelt farmers have either moved down to the south 
coast to retire or operate the farm as an adjunct to drought proof their wheatbelt 
property. Most farms are family operated.
3.2 Sheep
Sheep enterprises are concerned with wool and fat lamb production. Most farmers 
have self replacing Merino flocks but there are a number of farmers who run dry 
flocks. Merino ewes can be crossed with British breed rams to take advantage of the 
fat lamb market while some farmers buy in mated ewes as they see an advantage in the 
small price difference between mated ewes and lambs. Dry flocks have generally been 
the easiest to manage while returning a better income than Merino ewe flocks. Few 
farmers specialise in fine wool production. Many farmers are currently reducing their 
sheep numbers and turning to cattle or cropping, although cropping options are limited 
in this area.
3.3 Cattle
There are a range of cattle enterprises including two dairies in the Napier-King LCD. 
Most farmers have self replacing herds and many mixed sheep/cattle farmers are 
building up herd numbers as they make the transition wholly or partially from wool. 
Although gross margin analysis indicates that the most profitable livestock options are 
nor'west steers and feedlots these are uncommon because of the risk and capital 
investment required.
Where cattle is the sole enterprise a typical herd size would be around 200 breeders 
while mixed sheep/cattle enterprises will have around 50 breeders. The proportion of 
animals turned off is dependent on the type of enterprise (baby beef or steers) and on 
whether the farmer is trying to build up their herd number.
11
Chapter 3- Current Land Uses
3.4 Cropping
As previously mentioned, cropping options in the Napier-King LCD are limited by the 
climate and soil types. However a number of farmers grow feed barley or oats, 
typically around 100 ha, which will be harvested or used as a standing feed crop. The 
occasional farmer grows lupins or canola. It is likely that with the present (1993) low 
wool prices more farmers will be assessing cropping options.
3.5 Fodder Conservation
The uneven seasonal growth of annual based pastures necessitates some form of fodder 
conservation. While this is predominatly hay some farmers make silage (either pit or 
rolls) although this is not popular.
Farmers typically cut from three to ten tonnes of hay per ha depending on whether they 
are cutting meadow hay or cereal hay, the season and the fertilizer program. Most 
farmers cut from 250 to 400 rolls of hay per season.
Silage is not a popular option as, although it does appear to offer a number of 
advantages over hay, it is considered by many farmers to be 'hard work'. However, 
one of the farmers who was interviewed makes about 500 tonnes of pit silage a year 
from less than 20 ha and estimates it costs around $5 per tonne to make. The tractor 
time is about the same as hay because there is only one pass over the paddock and once 
cut, there is no concern about rain which, on the south coast, is not the case with hay.
The silage is removed from the pit with a front end loader and then taken to the paddock 
in a feed out cart which eliminates the problems caused when allowing stock direct 
access to the pit. Other advantages of silage over hay cited by this farmer are its ability 
to utilise 'rubbish' grass and weeds and its long storage life.
Roll silage is another option. One Napier-King farmer cuts 550 wrapped silage rolls a 
year which cost only $4 per bale more than hay but can be kept for two seasons. With 
all methods of silage production the feed is cut at the height of the growing season with 
likens it to a pasture topping and gives the double benefit of regrowth before the season 
finishes. For further information on fodder conservation Departmental bulletin 4200 
'Fodder Conservation' (Anon, 1991a) gives a useful introduction.
3.6 Tree Farming
Many farmers in the Napier-King LCD are incorporating trees into their farming 
operations. Some farmers are planting trees privately while others are taking 
advantages of the various schemes offerred by the Department of Conservation and 
Land Management (CALM). The CALM schemes have the advantage that they "prod 
you along to keep you on schedule" and as one farmer stated when questioned about 
using CALM when he could plant them himself "He now has trees three and a half 
years old while his neighbour is still talking about putting them in".
Farmers percieve the advantages of trees as being a viable crop, a means to use excess 





Land degradation can occur directiy on the farm or can manifest itself in off farm forms 
such as eutrophication of water bodies. Many forms of degradation are highly visible 
for example gullying however, there are other types of degradation which although not 
visible can have a dramatic impact on future land use and current production.
A list of potential land degradation problems that could apply to the Napier-King LCD 
is given in table 5. While not all these forms of degradation occur in the Napier-King 
LCD this list does serve to give some indictation of the breadth of the land degradation 
problems facing the rural community. It also shows how degradation resulting from 
agricultural activities can occur off the farm and affect other communities. The changes 
that are occurring in the Princess Royal Harbour and Oyster Harbour are a topical 
issue. The major land degradation problems identified by farmers and Departmental 
staff that affect sustainable agriculture in the Napier-King LCD are described below.
4.2 Waterlogging
With the removal of the native vegetation to enable agriculture, there is now a much 
lowered water demand and consequently an increase in runoff. This increased runoff 
causes waterlogging, now the major (although largely unrecognised) land degradation 
problem in the high rainfall south coastal region. Some farmers have reported that 20- 
40% of their farms are waterlogged over winter.
The soil is said to be waterlogged when the perched water table is within 30 cm of the 
soil surface at which point crop and pasture production declines. A distinction can be 
drawn between the terms waterlogging, innundation and flooding. If the water table 
rises above the soil surface ie the water is ponding, then the soil is said to be inundated 
however, if the water is flowing horizontally across the pasture then the ground is said 
to be flooded.
Many of the soils in the south coast region are duplex soils, also called texture contrast 
soils, in which there is a sharp change in soil texture moving down the soil profile. 
These duplex soils consist of 20-50 cm of sand (the 'A' horizon) over a yellow mottled 
clay (the 'B' horizon). There are varying amounts of gravel in the sand and this gravel 
is often cemented to form a hard layer at the sand/clay border.
At the break of season the sand layer, which is often highly water repellent, takes some 
time to become saturated. However, once the surface becomes 'wet' the water 
infiltrates to the clay layer at which point the soil profile fills from the clay layer 
upwards. Once the soil profile is full it requires only minimal additional rain to 
maintain the soil in a waterlogged state.
In addition, a waterlogged soil cannot absorb any further water, therefore any extra rain 
will cause runoff. Thus waterlogging has the potential to cause an erosion hazard and 
more particularly, is implicated with nutrient leaching and eutrophication of the Albany 
harbours.
13
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Reduced sub-surface water yield
Water turbidity
Reduced surface water quality
Reduced sub-surface water quality
Water salinity
Flooding
Inadequate delivery of water 
Waste of water 
Inundation by the sea 
Salt water intrusion 
Rising water tables








Soil mass movement 
Soil acidity 
Soil salinity 





Loss of wildlife breeding and feeding grounds
Loss of rare, threatened or endangered flora & 
fauna
Infilling of wetlands
Loss of fishery resource

















Loss of productive vegetative cover
Loss of representative examples of 
ecosystems
Loss of productive forest
Loss of rare, threatened or endangered fauna
Weed invasion
Loss of wildlife habitat
Destruction of tree cover in sensitive area
Lack of regeneration of vegetation
Lack of multi-aged tree shrub stands
Inappropriate herbicide management
Pesticide degradation




Wetland loss through diversion of water 
source
Diffuse chemical pollution of water





Deoxygenation of water 
Loss of seagrass beds 
Loss of visual aesthetics 
Loss of wild and scenic areas
Loss of historic, cultural, social or 
archeological sites
Water Management
Altered surface water flow 
Altered sub-surface water flow
Potential on and off farm degradation problems in the Napier-King LCDTable 6
14
Chapter 4- Land Degradation
4.3 Non-Wetting
Much of the sandy surfaced soils in the Napier-King area are non-wetting. Water 
repellence in sands slows the infiltration rate and in extreme cases a drop of water can 
remain on the surface for up to 3 hours. Lowered infiltration rates induce increased 
runoff and so contribute to soil erosion. This erosion in turn can lead to increased 
phosphorus transport in the streams.
In water repellant soils, much of the topsoil can remain dry, despite good rainfall, 
resulting in poor germination and lowered availability of soil moisture. The repellency 
is caused by a range of hydrophobic (water hating) organic materials which include 
fungal hyphae and decomposing plant material or litter. Natural repellence has been 
observed in some areas of native bush such as the Mallet slopes on the breakaway 
country of the wheat belt. This soil repellency decreases following cultivation but then 
increases over a period of years under crops or pastures. Examples of the severity and 
occurrence of non wetting soils are given in table 7 and techniques for measuring non­
wetting are given in appendix 4.
Technically, non-wetting can be treated by using wetting agents or incorporating clay 
with the topsoil but these treatments are not economically viable. In a pasture situation, 
the best option is to ensure there is some cover on the ground at the break of the season 
in an attempt to hold the runoff and allow it to infiltrate and wet the soil. Once the soil 
is wet, further rain will absorbed by the soil.
OccurrenceSeverity of repellance
Subsoils, drifts sand & beach sand.Not significant
Ploughed virgin land, undisturbed clear areas between 
native plants.
Very low
Under mallee, banksia, newly developed land.Low
Under blackboy and native pines. Perennial pastures (5-10 
years old) Crop-pasture rotations.
Moderate
Under blackboy. Perennial pastures (10-15 years old), old 
annual pastures with no cropping.
Severe
Very severe Old lucerne, perennial veldt grass and phalaris pastures 
(>15years old). Dry bare patches in pastures.
Severity of water repellence in various air dried soils (after King (1982)Table 7
15
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4.4 Soil Acidity
Many of the soils of the south west of Western Australia are naturally acidic with the 
high rainfall peaty sands being severely acidic and having a pH(CaCl2) <4.0. This 
acidity is exacerbated by agricultural activities particularly the establishment of legume 
based pastures. Soil acidity becomes a problem when it causes a reduction in 
production. In pasture based systems this reduced production is due to the inhibition of 
legume nodulation by Rhizobium bacteria.
The measure acidity is pH with a pH of 1.0 being very acid, pH 7.0 is neutral and a pH 
of 14.0 very alkaline. Soil pH used to be measured in water (pH H2O) however, we 
now use a more accurate measure of pH in calcium chloride (pH CaCl2). Soils with a 
pH in CaCl2 of less than 4.3 generally require remedial treatment with lime. A soil pH 
of between 4.3 and 4.5 is marginal and soils of pH greater than 4.5 need no lime.
In the Napier-King LCD many farmers are now finding it necessary to spread lime to 
counteract soil acidity.
4.5 Nutrient Loss and Eutrophication
Investigations into the quality of the Princess Royal Harbour initiated by the Albany 
Port Authority in the early seventies led to a further survey and the formation, in 1976, 
of the Albany Waterways Management Advisory Committee (AWMAC). In 1987, 
following subsequent investigations and concerns about the deteriorating environmental 
quality of Princess Royal and Oyster Harbours, the Western Australian Government 
funded an intensive two year study of the ecology of the Albany Harbours. The 
Environmental Protection Authority (EPA) investigated the problem in 1988-1989 and 
released its report (bulletin 412) the following year. The EPA found that the dense 
seagrass beds of the harbours were being smothered by an over growth of algae and 
that 80% of the sea grass meadows of Oyster Harbour had been lost while in Princess 
Royal Harbour the figure was 90%.
This was thought to have been caused by an increased supply of nutrients particularly 
phosphorus. In Oyster Harbour the phosphorus is derived largely from the agricultural 
use of Superphosphate and in 1988, water monitoring showed that 70 tonnes of 
phosphorus entered the harbour.
In August 1990 the EPA released its report entitled Recommendations of the 
Environmental Protection Authority in relation to the environmental problems of the 
Albany harbours - bulletin 442. Of the 12 recommendations made in the report 
recommendation 7 is of particular relevance to the farming community within the 
harbour catchments and it states, in part, that
"The Western Australian Department of Agriculture continue, in 
consultation with farmers and other groups, to develop and promote the 
adoption of catchment management plans which will reduce rural 
nutrient loads (from diffuse and point sources) to the target loads 
specified."
The target rural phosphorus load for Oyster Harbour is for less than 13.9 tonnes of 
total phosphorus per year. The phosphorus loading will then not exceed the
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assimilative capacity of the harbour, i.e.the harbour will be able to absorb this amount 
of phosphorus without long term harm to its environment.
The control measures needed to achieve this target are catchment based and include 
water management and implementing a more rational use of phosphatic fertilizers. This 
in turn means fertilizing on the basis of soil type and soil phosphorus levels and, 
strategic plantings of trees and deep rooted perennial pastures to maximise water and 
nutrient uptake.
Managing fertilizer runoff is a particularly difficult problem to tackle because unlike 
erosion or salinisation, there is no obvious degradation on the farm. Inappropriate 
fertilizer use results in harmful effects being felt off the farm and so there is little 
incentive for individual farm owners curb this situation. However, given the amenity 
value of the harbours and their importance to tourism there is in fact strong public 
support to remedy the problem of nutrient runoff.
The control of nutrient runoff can however have on farm benefits. Real savings can be 
made on fertilizer costs by using soil testing as a guide to fertilizer application rates. 
Controlling water can lead to increased pasture production while perennial pastures can 
provide valuable green feed at times when annual pastures are dry.
The Department of Agriculture has developed a computer program (Phosul-K) which 
determines the optimum fertilizer rate based on pasture growth response to Phosphorus 
and the current economics of the agricultural enterprise. To demonstrate efficient 
fertilizer use, trials are conducted in which the pasture production is assessed following 
fertilizer applications based on the Phosul-K recommendations and normal district 
fertilizer rates.
Nutrient loss from diffuse sources occurs by the processes of overland flow and by 
through flow. Phosphoms is transported in particulate and soluble forms.
4.5.1 Overland Flow.
Overland flow occurs when the precipitation exceeds the infiltration rate. This can 
happen in heavy down pours, in non-wetting soils or when there is low pasture cover 
following over grazing or at the break of season. The infiltration can be increased by 
maintaining ground cover sufficient to slow down the water flow. If the ground cover 
is not maintained in autumn there is potential for considerable runoff at the break of 
season. Infiltration is also minimal when the soil profile is saturated and in the case of 
waterlogged paddocks the runoff is 100%. Overland flow or runoff causes nutrient 
rich fine soil particles to be detached and transported off the farm.
4.5.2 Through Flow.
Through flow is the process where water moves horizontally through the soil profile. 
This often occurs in duplex soils where there is an impermeable clay B horizon (subsoil 
layer). The water in the profile flows across the top of the clay layer and often appears 
at the surface where there is a change of soil depth or a break in slope. This process is 
important in the transport of soluble nutrients.
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4.6 Decline of Remnant Vegetation
4.6.1 State Perspective
In the Oyster Harbour Catchment area much of the natural vegetation has disappeared 
as a result of clearing for agriculture. The resultant loss of habitat has caused the 
extinction of many plants and animals. In the wheatbelt for example, where only 7% of 
the native bush remains, 13 of the mammal species of this area have been lost. Since 
the European settlement of Australia 200 years ago, 30 animals and 97 plants have 
become extinct (70 of these plants from Western Australia). At a national level, 
Australia leads the world in the extinction of its wildlife. Currently there are around 
111 animals and 1000 plants that are known to be in danger of extinction. Although 
extinction is a natural process, it is the unprecedented rate at which it is occurring that is 
of concern.
4.6.2 Importance of Remnants
In the south coast region over 90% of privately owned land has been cleared for 
agriculture. What bush remains lies in reserves, road verges or on private land and is 
extremely imponant for the wildlife it supports. To preserve our remaining flora and 
fauna it is essential that these remnants of the original vegetation are protected. 
However, much of this remnant vegetation is declining, largely through being 
unprotected from grazing stock, inappropriate burning off and illegal fire wood cutting. 
Stock damage vegetation by trampling and grazing the understorey, compacting the soil 
and removing bark by chewing or rubbing against the trees. There are many examples 
in the south coast area of dying trees with no understorey. They are of limited value to 
wildlife, ineffective as a windbreak and in a few years will be dead. In the recent 
Senate Select Committee report on land degradation (Select Committee, 1991) it was 
stated that 2% or 10,000 ha of our remaining vegetation is being degraded each year. 
One of the most effective ways of protecting remnant vegetation is to exclude stock by 
fencing.
4.6.3 Economic Benefits
The shelter provided by a block of bush can have benefits in the form of increased 
pasture growth . Sheltered areas have reduced evaporation of soil moisture which can 
be critical at germination. Plants also use less moisture when sheltered and so pasture 
growth is increased. The intact understorey of a good shelter belt reduces the wind 
velocity at ground level on the downwind side for a distance of up to 30 times the 
height of the windbreak although most of the effect is for a distance of around 10 
times the height Stock do not have to be among the windbreak to derive the benefit of 
it. Lambing percentages will increase as a result of this protection. The reduced wind 
velocity increases the number of days on which it is possible to spray for weed and 
insect control.
The habitat provided by trees and shrubs supports many birds and insect predators. 
These can be extremely useful in controlling pest species as insects comprise a
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significant portion of the diet of such birds as Ibis and Magpies. Predatory insects such 
as the parasitic wasps can also play an important role.
Future benefits also accrue from the protection of native vegetation. A well maintained 
remnant will provide timber for fence posts and strainers and act as a seed source for 
future regeneration projects. When undertaking regeneration projects it is more 
effective to use seeds from plants native from the area as they will be adapted to the 
local conditions. The increased production and improved lifestyle on a property with 
areas of natural bush leads to higher farm resale values.
4.7 River Bank Degradation
Degradation of river banks has been an issue raised by the Oyster Harbour Catchment 
Group. The Waterways Commission through the Albany Waterways Management 
Authority has surveyed the length of the Kalgan river and catergorised the condition of 
the riparian zone (the name given to the vegetation immediately next to the river). 
While most of the river is in excellent condition, there are some areas which are in need 
rehabilitation.
Nearly all the Kalgan river is contained within a reserve. However some farmers are 
using the river as a convenient stock barrier and water source and in the process are 
contributing to bank erosion and increased sediment and nutrient transport into the 
Albany harbours. It is considered desirable, by the Oyster Harbour Catchment Group 
and the Waterways Commission, that the entire river be fenced to exclude stock.
4.8 Soil Erosion
A large proportion of the soils in the Napier-King LCD are sandy textured and soil 
erosion has been of some concern. Erosion occurs by two main processes, gullying in 
the creeklines and watercourses and wind erosion on the deep sands.
Wind erosion occurs on the deep fragile sands following over grazing or cultivation. 
While not appearing to do much damage, most of the fine organic matter and nutrients 
are lost from the sand in this way.
Gullying occurs on the creek lines and water courses and is usually initiated by 
allowing stock access to these areas for watering or by overgrazing. While the impact 
of wind erosion is limited largely to the property affected, gullying creates problems off 
farm. Increased sediment loads in creeks and rivers is implicated with nutrient 
transport and eutrophication as much of the phosphorus entering the Albany harbours is 
attachedto soil particles. Stark evidence of soil erosion is shown in figures 5.
The photographs in figure 6 were taken in March 1993 and show a property on the 
north of the Porongurups (not in the Napier-King LCD) immediady before and after a 
major rainfall event. While this example is extreme, it is by no means uncommon. 
Fortunately many farmers are aware of soil erosion problems and are planting grasses 
such as Kikuyu on their fragile sands and managing grazing pressures.
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Evidence of soil erosion after heavy rain. River sediment fonns a brown 
plume as it discharged from Oyster Harbour into King George Sound 
(top). Sand deposited in a creek bed on agricultural land (bottom).
Figure 5
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Figure 6 Overgrazing on a property north of the Porongurups leaves the ground 
vulnerable to heavy rainfall at the end of the season. These photographs 




Land management units are areas of land, selected on the basis of soil type, slope, 
depth of sand or height of the water table, that have similar production capacity and/or 
degradation hazards. Basing the farm layout on land management units will enable the 
farmer to optimise production and achieve a more sustainable farming system. For 
example, one of the difficulties encountered with planting perennial grasses along creek 
lines is that while the annual pasture species on the drier slopes are resilient to the 
grazing pressure, the perennial species are over grazed and often do not persist. By 
fencing to summer moisture availability, the grazing pressure on the perennials can be 
controlled and stock can then benefit from green feed through autumn. Fencing to land 
type can also assist with weed control and pasture manipulation. However, farming in 
this way requires a more 'active' management regime than the traditional set stocking in 
arbitrarily sized square paddocks.
5.2 Land Management Units of the Napier-King LCD
Following field investigation and discussions with local farmers and Department 
advisory staff, seven Land Management Units (LMUs) were identified in the Napier- 
King LCD. A description of these LMUs, their problems and appropriate management 
strategies are described below (and summarised in table 9).- As pasture legume 
recommendations may vary from year to year readers are referred to Departmental 
bulletin 4249 'Pasture Legume Recommendations' (Gillespie, 1993).
5.2.1 Well Drained Gravels and Loams.
This management unit makes up the bulk of the good grazing country and is generally 
stable with no specific management requirements or degradation hazards. In this unit 
there are two major types and one minor type of country which can be grouped together 
and managed similarly.
Soap stone country
It should be noted that the name 'soapstone' is a misnomer as soap stone is a soft schist 
or talc and the correct name of the rock found in this country is Pallinup siltstone. This 
is considered to be the most productive land and typically consists of a loamy sand over 
clay over siltstone and often has white silt stone strewn on the surface. Sinkholes of 
two metres or more wide and several metres deep often appear after rain and can form 
"between locking a paddock up for hay and cutting it". While generally well drained, it 
can become waterlogged for short periods especially on the flat areas with a slope of 
less than 3% or immediately down slope from granite outcrops. In this latter case 
banks or drains may be used to divert runoff if a safe discharge site can be found. This 
country can carry 15-20 dse/ha and in the drier NE areas of the LCD is successfully 
cropped.
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Land management units of the Napier-King LCD
Management Unit Description of Unit ManagementProblems
1 Well Drained Gravels & Loams
Managed annual pasture 
Cropping in drier areas (leave 
waterways, dam overflows and 
drainage lines
Grade banks desirable in some 
situations (need safe disposal 
site)
Sandy loam over clay or 
Pallinup siltstone/spongolite
Soap stone country 
(Siltstone country)
No special problems but may 
be prone to soil erosion on 
long slopes
Sandy gravel over clay with 
more laterite on the ridges
Sandy gravels
Red earths associated with hills Gully erosion 
and ranges
Hill soils
2 Seasonally Waterlogged Gravels and Loams 
Gravels and loams Duplex soils as above but with 
less than 3% slope, shallow 
profile or near bedrock highs, 
dykes and outcrops
Waterlogging reduces pasture 
growth
High risk precludes cropping 
Perched watertable may cause 
waterlogging well up the 
slope
Pugs easily when wet 
Occurs on Yate/Paperbark flats Trafficability impaired
Managed perennial 
grass/annual legume pasture 
(Phalaris, Fescue and Yarloop 
Clover
Restrict stock access when wet 
Banks required to divert runoff 
(needs safe disposal area)
Clay and shallow sand over 
clays
3 Waterlogged Sands





grass/annual legume pastures 
(Phalaris, Fescue Kikuyu and 
Yarloop)
Summer feed, agroforestry 
Banks, drains and trees will 
reduce waterlogging (target 
breaks of slope and seepage 
areas)
Remove stock when wet
Deep white sands in drainage 
lines often over coffee rock.
Sands (acid)
Very acid sands pH 3.6-4.2 
found in shallow swampy 
depressions.




Peaty sands (very acid)
4 Deep Sands 
Sand Dunes Deep fragile Banksia Sands. Wind erosion Agroforestry
Managed perennial pasture 
(Seradella, Veldt grass, Kikuyu 
& Tagasaste
If vegetated, leave uncleared and 
exclude livestock access
Non-wetting




Sheep camps & Bull holesFound mid-slopeSeams of sand
5 River & Creeks
If vegetated, leave unstocked to 
maintain stable banks and 
provide safe water discharge 
area
If grassed water way, control 
grazing to maintain adequate 
ground cover
Rivers and creeks which may be Bank erosion occurs when 
cleared or vegetated stock have access to rivers
Grassed waterways can slip 
and gully if overgrazed 
Nutrient leaching
6 Bush
The larger areas of uncleared 
bush including road reserves
Stock damage if not fenced 
Illegal fire wood cutting 
Harbours vermin
Can be used as a stock refuge 
Provides safe water discharge area 
Wildflower picking/fence posts
7 Laterite Ridges & Granite Outcrops
Stony ridges with sheet laterite High runoff occurs if 
and Granite outcrops with 
shallow soils.
If vegetated leave uncleared 
If cleared, control grazing to 
maintain adequate cover
vegetation cover is removed 
by stock
Table 9 Description, problems and appropriate management strategies for the Napier-King LCD land 
management units
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Sandy Gravels
The lateritic sandy gravels occur on the higher slopes and ridges and consist of a sand 
over gravel over clay or a sandy gravel over clay or laterite with varying depth to clay. 
The amount of gravel increases towards the top of the ridges and the depth to gravel 
decreases (ridges on which sheet laterite occurs are treated separately). This country 
can occasionally become waterlogged when the clay is close to the surface or drainage 
is slow due to lack of slope (< 3%). On the shallow soil areas pasture gets away early 
following the break of season, but this area also dries out sooner. This country can 
carry around 8-12 dse/ha.
Churchward et al describes two yellow duplex soils that are representative of the soils 
in this area; Profile 75, which consists of fine sand, with gravel increasing with depth, 
over a yellow clay with red mottles at 60 cm and profile 96, which is similar but with 
laterite boulders and higher gravel percentage. These soils are also described in 
Stoneman as Napier sands (soil 2) and McArthur as soil ALB 7. A typical soil profile 
of a well drained sandy gravel is shown in figure 7.
Hill soils
These are minor soils asscociated with the Porongurup ranges and other granitic hills. 
They include red loamy sands with a gravel base and some granite black soils. 
Stoneman et al refers to the Karri loam as a gravelly red earth (soil 6) while McArthur 
describes a red earth (profile ALB 6) associated with the Barrow land unit in 
Churchward et al.
These are fertile soils giving good pasture production but can be subject to gully 
erosion on the higher ground due to their topography and proximity to granite outcrops. 
It may be appropriate to install banks and drains to divert runoff from up slope if a safe 
discharge site can be located. On the northern slopes of the Porongurup these soils are 
used for vineyards.
5.2.2 Seasonally Waterlogged Gravels and Loams
Gravels and Loams
These are essentially duplex soils (the same as those described in LMU 1 above) which 
are are poorly drained because they typically have a slope of less than 3%. Large areas 
withing the Napier-King LCD are subject to waterlogging for various periods. As it 
has been demonstated that crop yields decrease when the perched water table rises to 
within 30 cm of the surface, cropping is considered a high risk activity and not 
recommended on these areas.
The preferred option is a managed perennial grass/annual legume pasture which can 
utilise the excess moisture and alleviate the waterlogging. Suitable species include 
perennial grasses such as Phalaris and Fescue with a waterlogging tolerant clover such 
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Clay and Shallow Sand over Clay
Areas of heavy red and grey clays occur in areas such as the Millbrook. These clays 
have to be managed carefully to maintain production. In summer, even though the 
water table is less than a metre below the surface, it is important to maintain pasture 
cover to prevent the clay drying and cracking. Soil profiles with a high clay content 
saturate easily and are prone to waterlogging. When stock are allowed access to these 
clay paddocks in winter they get badly pugged which causes a marked reduction in 
pasture in the following season.
If a safe discharge area can be found, it may be expedient to construct banks or drains 
to divert runoff and reduce the amount and duration of waterlogging. One Napier-King 
farmer has gained an extra two month's grazing since installing drains.
5.2.3 Waterlogged sands
As previously mentioned, waterlogging is widespread in the Napier-King LCD and 
while causing some problems and production losses, can provide valuable summer feed 
if managed correctly. When these areas are fenced, it becomes much easier to control 
and manage the pasture and, when desired, to establish perennial grasses.
Sands (acid)
These are deep white sands sometimes underlain by coffee rock and often over a metre 
deep occurring in the valleys and waterways. These soils are similar to the Podzol or 
waterlogged sand described by Stoneman (soil 5).
They can be waterlogged for several months over winter, but provide valuable summer 
feed. These sands are not as infertile as the deep Banksia sands as they have adequate 
soil moisture for most of the year and receive constant replenishment of nutrients from 
soils up slope. They can carry around 6 dse/ha but some farmers consider these soils 
to be more productive than their gravel country because of the shorter growing season 
of the latter.
This country should be protected from stock when waterlogged as it can become badly 
pugged. The immediate near stream zone should not be fertilized otherwise significant 
nutrient loss can occur. Kikuyu is an ideal pasture species for these deep sands but 
other perennial pasture species and trees could also be considered.
The period that these soils are waterlogged could be reduced by the strategic planting of 
trees at the breaks of slope and seepage areas and the installation of drains. In some 
situations these areas can be utihsed as wide laneways.
Peaty sands (very acid)
Waterlogged sands on the broad valley floors and in the shallow swampy depressions 
often tend to be acidic. McArthur and Stoneman describe this soil as a Humus Podzol 
or peaty sand (profile no. ALB 5. and soil 7 respectively) They are extremely acid with 
a pH (CaCl2) of 3.6-4.2. This soil is also described in in Churchward et al. (profile 
21) on the Boulongup mapping unit. Less acid Humus Podzols also occur such as
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Churchward et al profile 17 on the Redmond mapping unit with a pH (H2O) of 5.1-
5.5.
These areas are virtually non-producing (1-1.5 dse/ha) but if treated with lime to 
increase the pH. and planted with perennials they can become quite valuable areas and 
cany up to 10 dse/ha. After soil amelioration with lime, these areas can be managed in 
the same way as non-acid sands ie with strategic tree plantings targeting seepage areas 
and utilising the summer soil moisture by planting perennial pasture species.
5.2.4 Deep Sands
Deep fragile sands (Banksia sands). These can occur as a seam of sand running across 
the slope, down slope from granite exposures, as sand dunes with a NW-SE 
orientation on the plateau country or as lunettes on the SE side of lakes and swamps. 
These are known as Siliceous sands and are represented by profile 1 in Stoneman (also 
called Kojaneerup sand) and are also very similar to the Corimup Sand described by 
Smith. A typical profile of a deep sand is shown in figure 7.
These are the poorest sands and have little capacity to retain nutrients and are non­
wetting. These sands are also prone to wind erosion if stocked too heavily. They 
support poor plant production and the carrying capacity of these areas is reported by 
farmers to be only 1-1.5 dse/acre.
If these areas have not been cleared, they should fenced, left as remnant vegetation and 
managed as LMU 5 below.
If pastured, these areas should be separated from the gravel country to allow control of 
grazing pressure. This will enable adjoining areas of good soils to be grazed efficiently 
without over grazing the deep sand areas. When over grazed these sands will blow and 
be susceptible to gully and rill erosion following rain at the break of season or during 
heavy summer thunderstorms.
Deep sands should be considered for commercial tree plantings. However, some 
farmers have indicated that these deep sands can be made productive and suitable for 
stock by establishing grasses such as Kikuyu. When covered with Kikuyu they 
become relatively stable and more wetting as the pasture cover aids water infiltration. 
Another option that could be considered is alley farming using Serradella, Veldt Grass 
and Tagasaste. This arrangement while requiring careful management will have the 
effect of stabilising the sands and making them more productive.
A coarser yellow sand can occur down slope from granite outcrops and although more 
fertile than the white sand, still requires careful management to avoid soil erosion.
5.2.5 Rivers and Creeks
This unit includes all watercourses from major rivers such as the Kalgan to minor, but 
potentially erodible, grassed waterways. The larger rivers and their associated 
vegetation are often used as natural barriers to control stock, as watering points and for 
grazing sheep and cattle. Grazing these areas destroys the understorey and leads to a 
gradual degradation of this resource. Stock trample the fringing vegetation (riparian 
vegetation) and cause bank erosion which can increase sediment loads in the river.
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Many of the smaller watercourses that have been cleared of vegetation and these areas 
are now extremely fragile and the sandy banks can slip and gully if grazed. These areas 
can carry considerable water in winter and if they are fenced and left ungrazed these 
areas can maintain a good vegatative cover which prevents soil erosion and acts as a 
filter to trap the nutrients contained in the runoff from the higher ground.
These rivers and creeks occupy a small area relative the total property size and so are of 
comparatively little value for grazing. However, given their importance for stream 
bank stability, their potential use as a safe discharge zone for grade banks and drains 
and their value as fauna and flora reserves it is recommended that such areas be fenced 
on both sides to exclude stock. This may necessitate planning alternate watering 
points. Managing water courses in this way will also markedly reduce the nutrient 
loads entering nearby waterways.
5.2.6 Bush
This consists of vegetation left after clearing shire reserves, road and railway reserves. 
Much of the remnant vegetation is being slowly degraded by grazing stock, 
inappropriate fire management and firewood cutting (particularly in road reserves). 
Areas of remnant vegetation on private property can provide a valuable resource for 
wild flower picking, firewood and fence posts and should be fenced to control stock. 
As these areas can harbour vermin such as foxes, it will be necessary to undertake 
regular baiting programs.
One of the major obstacles to constructing banks to reduce waterlogging down slope is 
the lack of suitable discharge areas. Blocks of remnant vegetation can function as safe 
discharge sites for such water. Remnant vegetation can act as economical windbreaks 
as fencing remnant vegetation is much cheaper than planting trees. They can also be 
used for holding sheep off shears in bad weather.
5.2.7 Laterite Ridges and Granite Outcrops
These areas comprise the stony lateritic ridges and granite outcrops with shallow soils. 
While these areas are comparatively small, they generate considerable runoff and 
erosion problems can arise down slope. This problem is particularly evident where 
there are deep sands immediately below the ridge. If these areas have not been cleared, 
they should be fenced to totally exclude stock as this will enable the maintenance of 
ground cover and reduce runoff. If they have been cleared, it is still appropriate to 
fence these ridges and outcrops to ensure adequate pasture cover remains at all times.
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Annual grass/legume pasture of varying quality, managed using a mixture of set 
stocking and rotational grazing, is the predominant pasture system in the Napier-King 
LCD. Annual pastures display a minor production peak in late autumn/early winter, are 
dormant through winter, have a major spike of production in spring and hay off in 
summer. With this production profile it is necessary to incorporate some system of 
fodder conservation in to the farming program. While for the majority of farmers this 
involves making hay, there are some farmers who conserve feed by making silage.
Although season is the single most important determinant of pasture production, 
grazing management can have a marked impact on production. Set stocking was 
promoted in the 1970s as an easy method of pasture management, however, it has a 
number of limitations.
Firstly, the carrying capacity has to be based on the poorer seasons and therefore set 
stocking uses a conservative stocking rate. Secondly, set stocking leads to overgrazing 
early in the season. This results in fewer plant growing points and a lowered leaf area 
index which makes the pasture vulnerable to cold snaps and affects pasture production 
for the rest of the season. Finally, set stocking results in under grazing in spring which 
causes altered the pasture composition leading to grass dominance and loss of legumes. 
At high levels of feed in the paddock, most of the pasture material is dying and being 
wasted.
Active grazing management using smaller paddocks (or electric fencing) gives higher 
stocking capacity and leaves more of the property available for fodder conservation or 
cropping. Also, a tightly grazed annual pasture can last 4-6 weeks longer at the end of 
the season than a set stocked pasture which has obvious implications for feeding out in 
autumn. Management practices such as intensive spring grazing are currently the 
subject of research by the Albany regional office of the Department of Agriculture and 
interested farmers are referred there for further information. Insect control is crucial 
after late breaks and Reg Legged Earth Mite (RLEM) can be controlled by using two 
sprays three weeks apart to break the life cycle.
Annual pastures are recommended for the well drained gravels and loams (LMU 1) 
which do not have the summer moisture to support perennial pastures. Annual pasture 
species are also compatible with cropping programs which utilise these soil types
6.1.2 Perennial pastures
Although considered by farmers to be difficult to manage and establish, perennial 
pastures offer several advantages over annual pastures. While there appears to be little 
difference between the total annual biomass production of perennial and annual 
pastures, perennial pastures have an extended season compared with annual pastures.
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Perennial pastures with their established root system, get away 4-6 weeks earlier than 
annuals and are not affected by false breaks. Whereas annual pastures hay off in 
November, perennials will produce through to December/January and also give 
opportunistic production from summer rainfall and provide small quantities of high 
quality feed over the summer months. Given that feed is limiting in autumn and non­
limiting in spring perennial grass/annual legume pastures can reduce the requirement for 
mechanical fodder conservation.
Knight (undated) has reviewed the use of perennial pastures in reducing fertilizer 
runoff. Annual pastures are non-vegetative between October and May and so transpire 
less water than perennial pastures. Perennials therefore have the ability to utilise more 
water and can be of use in areas prone to waterlogging and/or nutrient leaching.
Perennial pastures are recommended for waterlogged areas and as a means for 
stabilising the fragile deep sands. However, perennials do not fit into cropping 
systems.
6.2 Fertilizer Management
In 1988-89 the Department of Agriculture took over 2000 soil samples from farms 
within the catchment areas of the harbours as pan of a soil nutrient status survey. The 
soil samples were assayed for bicarbonate extractable phosphorus and potassium (ie 
plant available P and K), reactive iron, pH and salt. The reactive iron level is a proxy 
measure of the soil's fertility and ability to bind phosphorus. Soils with a high RFe (> 
1600 ppm) are more 'fertile' than those with a low RFe (<200ppm) and bind a larger 
proportion of applied phosphorus. The reactive iron level and the bicarbonate 
extractable phosphorus level (BicP ppm) are used to determine the soils phosphorus 
status or the soil's ability to give a growth response to a phosphatic fertilizer 
application.
Experience with South Coast agricultural systems suggests the following relationship 
(Table 6) (Department of Agriculture, 1991).
Bicarbonate P (ppm)Reactive Iron (Fe ppm)


















Phosphorus status standards for South Coast of WA.Table 10
In addition to soil sampling, information on the previous year's fertilizer practices was 
collected. The farmer's responses showed that most paddocks do not receive P 
applications according to their need and while over 20% of paddocks that required P
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were not fertilized, over 80% of paddocks that did not require P were fertilized. 











Figure 7. Percentage of paddocks fertilized with a phosphatic fertilizer in 1987 and 
1988 by phosphorus status (Department of Agriculture, 1991).
High phosphorus status soils which are given further applications of phosphorus, 
which they are unable to bind, are likely to lose this phosphorus (as the soluble form 
ortho-P) by leaching. The use of soil testing to determine the phosphorus requirement 
of each paddock can reduce the likelihood of over fertilizing and subsequent nutrient 
loss. Over fertilizing also represents a financial loss to the farmer.
Phosphorus enters the harbours in the form of soluble ortho-P (in overland runoff and 
sub-surface flow) and as particulate P attached to soil particles (in overland flow). It is 
likely that in given year most of the phosphorus entering the rivers is derived from the 
soil store rather than that years fertilizer application. However if a large large rainfall 
event occurs immediately after fertilizer is applied to bare ground at the end of the 
season in January to March, as is common practice, then much of this can be washed 
into the river system. The total amount of phosphorus entering the harbours is a 
function of the rate and timing of fertilizer application, the amount of runoff and the 
amount of soil washed off the paddocks. Fertilizer management should involve;
soil testing to enable fertilizing according to need
changing the time of fertilizer application to meet plant requirements.
the use of perennial plants to increase water use.
fencing and re-vegetating rivers and streamlines to act as nutrient filters.





Farmers are currently facing pressure from two directions. Firstly, the gap between 
farm returns and costs is decreasing as, over the last 25 years, farm costs have 
increased by 562% while the price for farm produce has increased by only 217%. 
Secondly, the sustainability of current productivity is now threatened by environmental 
constraints. While the solutions to the first problem are dependent on events overseas, 
the solutions to the second problem, at least in a technical sense, are available.
Although most farmers have a family farming background few have had the 
opportunity to participate in formal agricultural training. As one Napier-King farmer 
replied when asked whether he had attended agricultural college "No, I had to go back 
to the farm and work". A survey of 600 Western Australian farmers in 1987 showed 
that 65% of farmers had inherited their property or bought it from family members and 
that almost half of the farmers left school by year 10 and only 15% had attended 
agricultural college, TAPE or university.
In the absence of exposure to the new ideas and experiences gained when undertaking 
post school education many farmers are not equipped to make decisions about risk 
assessment and find it hard to compare alternative farming strategies and therefore, tend 
to take a traditional approach to farming. More opportunities should be made available 
to farmers to improve their farm management skills. Farm planning workshops based 
on Land Management Units are the first step towards achieving a sustainable 
agricultural system. Many farmers are participating in these workshops and are 
beginning to farm to Land Management Units.
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Appendices
APPENDIX 1 Soils and Landforms of the Napier-King LCD
after Churchward et al (1988) and McArthur & Stoneman (1991)
Using the landform units described by Churchward et al (1988) a compilation of 
supplementary data was produced which rated each land unit on the basis of soil profile 
depth, slope and land degradation hazards. These land qualities or characteristics 
measured and their range of values and appropriate rating are shown in the table below.
Land Quality/Characteristic Value Rating
<2%, 2-5%,5-10%,10-25% 1,2,3,4Slope %
Soil Depth A/A+B 
Gravel
Rocky Outcrop % area 
Salinity
Water erosion hazard 
Rood hazard 
Wind erosion hazard 









None, Low, Moderate, High 
None, Low, Moderate,Very High 
Non-saline, slightly saline. Saline 
Low, Moderate 





Very High, High, Slow, Very Slow 
None, Low, Moderate, High 
NoneLow, Moderate, High 




















UNITS DEVELOPED IN GRANITIC ROCKS AND ASSOCIATED WITH UNCONSOLIDATED SEDIMENTS
Plateau Elements
Reven Unit (BE1 Gently undulating terrain : includes minor valleys.
Gravelly or sandy yellow duplex soils (Dy3.62) with a grey - brown loamy sand to sandy loam surface. Pale A2 horizon and yellow- 
brown mottled B horizon. J-M tall open forest(Jairah E. marginata, Marri E. callophylla.)
BEy
RatingValue Rating ValueLand quality/characteristic
Dominant* Subdominant**
2-5% 2 <2% 1SIope%
Soil depth AJA + B 
Gravel

















Low 2 None 1
Non-saline 1 Non-saline 1
Low Low1 1
LowLow 1 1
Low 1 Low 1




None 2 None 4
None 2 None 4




Hills and Hilly Terrain
Barrow Unit (BA^ Hills and ridges > 60m relief, crests of granite; gently sloping flanks.
Granite outcrop; Shallow brown, gritty loamy soils on fringes of granite outcrop with pockets of gritty yellow duplex soils.BAg
Value RatingLand quality/characteristic
10-25%* 4Slope%
Soil depth A/A + B 
Gravel












Dam water supplies of good quality
Some > 25%, eg peaks in the Porongorups Ranges. 


















High (r,s) 3 (r.s)
No
Yellow duplex soils having sandy to loamy sand A horizons over pale yellow and brown mottled clay B horizons; A horizons are present, 
often with lateritic gravel but they are not usually bleached (Dy 3.62, Dy 5.81, Dy5.84), The surface may have a scatter of lateritic 
duricrust boulders. Significant areas of deep yellow or grey sands occur on the lower slopes while on the foot slopes of the Porongomp 
Range deep, red-brown, loamy soils occupy pockets of granitic colluvium. J-M-Y forest. (Jarrah E. marginata - Mani, E. callophylla - 
Yate, E. comma.)
BAf





Soil depth A/A + B 
Gravel
























Moderate 2 Low 1
High 2Slow 4
NoneNone 1 1
None 1 None 1
LowModerate (s) 2(s) 1
Yes 1 No 2
* Yellow or grey sands.
But upper slopes can be 5-10%••
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Pillenomp Unit (P>D Hills of granite with a fringe of sedimentary rocks; <60m relief; rounded crests and smooth gentle slopes; some granite.
Yellow duplex soils are dominant with deep sandy surface horizons having pale, often bleached, A2 horizons over pale yellow and 






Soil depth A/A + B 
Gravel
Rocky outcrop 95 area 
Salinity








3HighWind erosion hazard 
















Dam water supplies of good quality Yes 1
Swampy terrain
Morande Unit fMOl Lunettes, dunes, hummocks, and intervening swamps.
Podzols in deep sands of lunettes; B-Sh woodland.
Heavy clays or yellow solonetzic soils in swamps; Ha scrub, Ys thickets. (Hakea, H. varia &.H. ambigua - Swamp Yate, E. 




Soil depth A/A + B 
Gravel
Rocky outcrop 95 area 
Salinity
Water erosion hazard 
Flood hazard 
Wind erosion hazard 







Dam water supplies of good quality 






















UNITS DEVELOPED IN SILTSTONES AND SANDSTONES.
Plateau Elements.
Redmond Unit (R1 Broadly undulating plateau; scattered lakes and depressions.
Yellow duplex soils are dominant. The surface horizons are grey brown fine sand and the A2 horizons bleached (Dy5.ll); 
lateritic gravels are frequently present. Mottled yellow, yellow brown and grey brown clays form the B horizons at 35 to 45 cm 
and there may be a latcrite duricrust in the upper parts; reactions are acid. M-J-Ab forest. (Marri, E. calophylla - Jarrah, E. 
marginata - Albany Blackbutt, E. staeri)
Yellow solonctzic soils in depressions with a hard pan at 50cm while the pan is at about 1.5m in humus podzols on sandy 




Soil depth A/A + B 
Gravel
Rocky outcrop % area 
Salinity
Water erosion hazard 
Hood hazard 
Wind erosion hazard 







Dam water supplies of good quality 
















TK Broadly undulating plateau. Yellow duplex soils are dominant with surface horizons of grey-brown sand. A2 horizons are bleached and 
contain lateritic gravels (Dy5.81, Dy5.82 JOy 5.83). Yellow, brown and grey mottled B horizon. J-M woodland, mallee heath. (Jarrah E. 
marginata - Marri E. callophylla)
Many small shallow circular depressions act as local drainage sumps some with lunettes. Swamps have solonetzic or heavy clay soils. Ys - Mel 
thickets. (Swamp Yatc E occidentalis & E. decipiens - Paperbarics Melaleuca cuticularis, M. teretifolia & M. rhaphiophylla)
Podzols in sands of hummocks. B woodland [Banksia attenuata, B. grandis, B. illicifolia Sc B. quercifolia)
Value RatingValue RatingLand quality/characteristic
Dominant* Subdominant**
<2%<2% 1 1Slope%
Soil depth A/A + B 
Gravel
Rocky outcrop % area 
Salinity
Water erosion hazard 
Flood hazard 
Wind erosion hazard 

























Moderate 3 Low 2
Low*** 2 None 1
Low 1 Low 1
Yes Yes1 1
Duplex soil with gravel and latcrite boulders But higher in creek beds and swamps***
40
Appendices
ip Unit QQ Gently sloping terrain fringing higher hills and ridges (Porongorups).
Yellow duplex soils are dominant and most of these have grey-brown sand surfaces, often with much lateritic gravel and boulders. 
The A2 horizons are sometimes bleached and the clay B horizons arc mottled yellow, brown and grey. Pallinup siltstone is deeply 





Soil depth A/A + B 
Gravel






























Dempster Unit (D) Ridge crests formed by dissection of plateau units.
These are broad convex crests of spurs and ridges. Yellow duplex profiles arc dominant and have light grey brown to light 
brownish grey fine sand A horizons, often with much lateritic gravel and some lateritic boulders; yellow and brown mottled clay 
B horizons occur (Dy 5.81, Dy 5.84); there are some deep sands with podzols and humus podzols. J-Ab-M forest. (Jarrah E. 




Soil depth A/A + B 
Gravel































Gentle slopes adjacent to Ds; deep sands are associated with humus podzols, often having a massive pan at about 1m (Uc2.33). 






Soil depth A/A + B 
Gravel






























Trent Unit fTRl Rat topped hills: <40 m relief; gently sloping flanks.
Ridge crests with gravelly sandy yellow duplex soils; some gravelly sands and lateritic duricrust are present; J-M forest. (Janah 
E. marginata - Marri, E. callophylla )
Deep grey leached sands with iron pan on flanks; J-Sh woodland (Jarrah, E marginata - Sheoak, Allocasuarina fraserana)
TRc
TRs
Value RatingValue RatingLand quality/characteristic
SubdominantDominant
2-5%<2% 1 2Slope%
Soil depth A/A + B 
Gravel
Rocky outcrop % area 
Salinity
Water erosion hazard 
Rood hazard 
Wind erosion hazard 







Dam water supplies of good quality 
* Duricrust.
2 50/100 2SOM 00
Low 2High 4
Low* 2 None 1
Non-salineNon-saline 1 1
Low 1 Low 1
Low 1 Low 1
Low 1 Moderate 2
None 1 None 1
Low Low 11









Boulonpjp Unit fBOl Broad, shallow, poorly drained depressions in plateau surface; complex of swamps, lakes, low latcritic rises, lunettes and 
hummocks.
Yellow solonetzic soils in swamps. There are areas of cracking clay soils, as well as some humus podzols which have a hardpan at 
about 50-60 cm, in depressions; Ys-Mel thickets, reeds. (Swamp Yate, E. occidentalis & E. decipiens - Paperbarks, Melaleuca 
cuticularis, M. tereifolia & M. rhaphiophylla)
Podzols in deep sands on hummocks and lunettes; J-B-Sh woodland. (Jarrah E. marginata - Danksia atlenuata, B. grandis, B. 
illicifolia & B. quercifolia - Sheoak, Allocasuarina fraseram)
BO
Value Rating Value RatingLand quality/characteristic
Dominant'' Subdominant**
<2% 1 <2% 1Slope%
Soil depth A/A + B 
Gravel
Rocky outcrop % area 
Salinity
Water erosion hazard 
Hood hazard






Low*** Low 1Wind erosion hazard 













Dam water supplies of good quality
High 4High 4
High 4High 4
High (b) 3(b)High (b) 3(b)
2 No 2No
Yellow solonetzic soils. 
Grey cracking clays. 
*** But high on associated lunettes. _
*
**
Femlev Unit (Fl Gently undulating sandy terrain.
Yellow duplex soils on uplands and generally these have a light brownish grey fine sand surface horizon and A2 horizons which 
may be bleached. The clay B horizons are mottled yellow, brown and grey; lateritic gravel may be present at the A-B interface 
(Dy 5.81); J-Bu woodland. (Jarrah, Eucalyptus marginata - Bullich, E. megacarpa)
Humus podzols with a hardpan and a clay substrate in broad depressions; Kg sedgeland; Tt heath. (Kangaroo grass, Evandra 
aristata & Anarthria scabra - Tcatree heath, Agonis parviceps & A. linearifolia)
F
Value RatingValue RatingLand quality/characteristic
Dominant* Subdominant**
<2% 1 <2% 1Slope%
Soil depth A/A + B 
Gravel












Dam water supplies of good quality
* Yellow duplex soil.
30/>100 2 50/200 1






None 1 None 1
Low 1Moderate 2
Moderate 2 Low 1










UNITS ASSOCIATED WITH DRAINAGE LINES.
Major Valleys (V)
V 7 Valleys in sedimentary rocks; 20-40 m relief; short, steep, irregular slopes; much siitstone; occasional granite outcrop; narrow terrace (t). 
Sandy and gravelly yellow duplex soils (Dy 5.81) on slopes; J-M forest. (Jarrah E. marginata - Marri, E. callophylla)
Deep loamy sands and some duplex yellow soils are on the terraces; M forest. (Marri, E. callophylla )





Soil depth A/A + B 
Gravel
Rocky outcrop % area 
Salinity
Water erosion hazard 
Flood hazard 
Wind erosion hazard 







Dam water supplies of good quality 
Flanks of valleys.
30/2002 1
Low 2 None 1
Moderate 3 None 1
Non-saline 1 Slightly saline 2
Low Moderate*** 21
High 3Low 1







High (b) 3(h)Low 1
No 2Yes 1
Erosion due to flooding.Terraces. **»*»
V 8 Valleys in sedimentary rocks; 20 m relief; short, gentle flanking slopes; broad flat terrace (t).
Deep leached sands and podzols, are on the lower slopes with gravelly yellow duplex soils on the mid to upper slopes, often with 
lateritic boulders.; J-M forest (Jarrah E. marginata - Marri, E. callophylla )
Yellow solonctzic soils on terraces; J-M-Ys-Bb forest (Jarrah E. marginata - Marri, E. callophylla - Swamp Yate, E. occidentalis 
8c. E. decipiens - Blackbutt, E. patens)
Value RatingValue RatingLand quality/characteristic
Subdominant**Dominant*
2-5% 2<2% 1Slope%
Soil depth A/A + B 
Gravel
Rocky outcrop % area 
■Salinity
Water erosion hazard 
Flood hazard 
Wind erosion hazard 













Saline 3 Non-saline 1
Low Low 11

















S 6 Narrow V-shaped valleys, in sedimentary rocks; <10 m relief.
Sandy yellow duplex soils (Dy 5.81) are on slopes; J-M low forest. (Jarrah E. marginata - Marri, E. callophylla ) 
Deep sands on narrow swampy floor, sedges and reeds.
Value RatingLand quality/characteristic
1<29oSloped
Soil depth A/A + B 
Gravel






























S 7 Broad valleys in sedimentary rocks; 30 m relief; smooth slopes; swampy floor (f).
Deep leached sands and iron podzols (Uc 2.21) are on the smooth slopes; Ab-J-Sh woodland. (Albany Blackbutt, Eucalyptus staeri 
- Jarrah, E. marginata - Sheoak, Allocasuarina fraserani )
Humus podzols and some yellow duplex soils are on the floors. Mel woodland, Tt heath. (Paperbark, Melaleuca cuticularis, M. 
teretifolia & M. rhaphiophylla - Teatree, Agonis parviceps & A. linearfolia )
Value RatingValue RatingLand quality/characteristic
Subdominant**Dominant*
2-5% <2% 12Slope%
Soil depth A/A + B 
Gravel
Rocky outcrop % area 
Salinity
Water erosion hazard 
Hood hazard 
Wind erosion hazard 







Dam water supplies of good quality 





















Cumulative Rainfall Frequencies - Mt BarkerAPPENDIX 3
Mt Barker - February 
Mean monthly 23.5 mm
Mt Barker - January 
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Mt Barker - August 
Mean monthly 90.7 mm
Mt Barker - July 

















Mt Barker - October 
Mean monthly 71.2 mm
Mt Barker - September 
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Measurement of Water Repellency in SoilsAPPENDIX 4
As mentioned in section 4.3 Non-Wetting, water repellence slows the infiltration rate of 
water into the soil. This lowered infiltration has implications for erosion potential and 
is a cause of patchy germination. Water repellence varies from soil to soil and typical 
repellencies for a range of soil types are given in the table below.
MED WD SRI
(seconds) (mm/min)
OccurrenceRating Severity of 
repellance
Not
significant Subsoils, drifts sand & beach sand.
Very low Ploughed virgin land, undisturbed 













36 Moderate Under blackboy and native pines.








0.3Severe Under blackboy. Perennial pastures 
(10-15 years old), old annual 





0.06Very Old lucerne, perennial veldt grass 
and phalaris pastures (>15years 










Water repellency is affected by the water content of the sand. To obtain meaningful 
measurements the soil should by oven or air dried. The soil sample should receive the 
minimum of shaking and mixing as the abrasion of the individual sand grains can 
remove some of the organic coating on the grains and thus give an inaccurate lower 
repellency reading. Three methods of measuring water repellency are used
Ring Infiltrometer. A short length of 100mm plastic down pipe is inserted into 
the ground. 200ml of water is carefully poured into the ring and the time taken 
for all the water to soak into the soil is measured The infiltration rate in mm per 
minute (mm min-1) can then be calculated. This method is easy to use but 
requires great patience in severely non-wetting soils.
Water Drop (WD) test. A drop of water is deposited onto the surface of a soil 
sample and the time in seconds for the drop to soak into the soil is measured. 
This method is simple to use but is generally only useful for soils that are of low 
or moderate repellency. A moderately repellent soil will take up to 260 seconds 
to absorb the water drop.
Ethanol test (MED). In this test solutions of ethanol of varying molarity 
(concentrations) are used. The molarity at which a drop of the water/ethanol 
mixture takes 5 seconds to soak into the soil is the value of the repellency. This 
test while more complicated, has the advantage of being able to measure a much 
larger range of soil repellencies and is particularly useful for measuring soils with 
very severe repellency.
1
2
3
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